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[0001] SYSTEM AND METHOD FOR SPEED CONTROL AND STALL PROTECTION 
COMBINATION FOR ELECTRIC MOTORS SUCH AS IN ENGINE COOLING 
APPLICATIONS 

[0002] This application is based on U.S. Provisional Application No. 60/470,090, filed on 
May 13, 2003 and claims the benefit thereof for priority purposes. 

[00031 FIELD OF THE INVENTION 

[0004] The invention relates to a system and method of combining speed control and stall 
protection for dual and single speed electric motor applications. The speed control 
switching technique uses one or two electromagnetic relays. With the method, the 
stall protection implementation takes advantage of these relays to disconnect the 
motor in a stalled motor condition and also provides low speed and current soft start 
independently from a vehicle computer. 

[0005] BACKGROUND OF THE INVENTION 

[0006] A widely used method for implementing a dual speed control for automotive 
applications using permanent magnet (PM), direct current (DC), brush motors is 
shown in Fig. 1. The relays K1 and K2 are included in the vehicle electrical system. 
K1 is used to connect the motor M to the power supply via the serial resistor Rs, for 
low speed operation. K2 is used to connect the motor directly to the power supply, 
for high-speed operation. Both relays are fully controlled by the vehicle computer. 
However, the system of Fig. 1 does not provide stall protection for the motor. 

[0007] Accordingly, there is a need to provide speed control combined with a stall 
protection feature, wherein existing relays are employed for both features. 
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[0008] SUMMARY OF THE INVENTION 

[0009] An object of the invention is to fulfill the need referred to above. In accordance with 
the principles of the present invention, this objective is achieved by providing a 
speed control and stall protection system for an electric DC brush motor. The 
system includes a DC brush motor. At least one relay is connected between the 
motor and a power supply. A speed sensing circuit is constructed and arranged to 
generate a signal indicative of a speed of the motor. A motor control and protection 
circuit is constructed and arranged to receive 1 ) the signal from the speed sensing 
circuit and 2) a control signal input for operating the at least one relay to control 
operation of the motor. When a stall condition is determined based on the signal 
from the speed sensing circuit, the motor control and protection circuit is constructed 
and arranged to control the at least one relay to disconnect power to the motor. 

[0010] In accordance with another aspect of the invention, a method of controlling speed 
and protecting a motor during a stall condition includes the steps of: providing a 
permanent magnet DC brush motor; providing at least one relay connected between 
the motor and a power supply; controlling the at least one relay to operate the 
motor; determining a speed of the motor, and comparing the determined speed of 
motor with a threshold value and if the determined speed is below the threshold 
value, cpntrolling the at least one relay to disconnect power to the motor. 



[0011] Other objects, features and characteristics of the present invention, as well as the 
methods of operation and the functions of the related elements of the structure, the 
combination of parts and economics of manufacture will become more apparent 
upon consideration of the following detailed description and appended claims with 
reference to the accompanying drawings, all of which form a part of this 
specification. 

[0012] BRIEF DESCRIPTION OF THE DRAWINGS 
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[00131 The invention will be better understood from the following detailed description of the 
preferred embodiments thereof, taken in conjunction with the accompanying 
drawings, wherein like reference numerals refer to like parts, in which: 

[0014] FIG. 1 is a schematic illustration of conventional implementation of dual speed 
control of an electric motor using two relays. 

[0015] FIG. 2 is schematic illustration of an implementation of dual speed control combined 
with stall protection in accordance with the principles of the present invention, using 
the same relays as in FIG. 1 . 

[0016] FIG. 3 is a schematic illustration of conventional implementation of single speed 
control of an electric motor using one relay. 

[0017] FIG. 4 is schematic illustration of an implementation of single speed control 
combined with stall protection in accordance with the principles of the present 
invention, using the same relay as in FIG. 1 . 

[0018] DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENT 

[0019] The invention relates to speed control and stall protection for automotive 
applications using permanent magnet (PM), direct current (DC), brush motors. 

[0020] With reference to Fig. 2, a combined speed control and stall protection system is 
shown, generally indicated at 10, in accordance with the principles of the present 
invention. The two relays K1 and K2 are part of the Dual Speed With Serial 
Resistor And Stall Protection Module electrical system 14. Thus, the motor M is a 
dual speed motor and the first relay K1 is provided together with series resistor Rs 
between the power supply and the motor M for operating the motor at a low speed. 
The second relay K2 is provided between the power supply and the motor M for 
operating the motor at high speed. 
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[0021] The Motor Speed Control and Protection (MSCP) circuit 16 controls the K1 and K2 
relays. The MSCP circuit 16 has two inputs: 1) Speed control signal 18 from the car 
computer, and 2) Motor speed signal 19 provided by the Motor Speed Sensing 
circuit 20. The circuit 20 can be of any configuration and can include any device 
that is capable of determining speed of the brush motor M. 



[0022] The Speed Control signal 18 governs the functionality of an Application module 
which can be defined, for example, as any of the following: Engine cooling module 
or HVAC (Heating, Ventilation and Air conditioning) module. The Speed Control 
signal 18 has three distinct values representing the three possible commands for the 
motor: OFF, LOW SPEED and HIGH SPEED. These three commands can be 
represented by three voltage ranges or by three duty cycles ranges, if a PWM, 
(Pulse Width Modulation) Speed Control signal is used. 

[0023] When the motor M is running, a motor speed signal 19 is generated by the Motor 
Speed Sensing circuit 20 and transmitted to the Motor Speed Control and Protection 
circuit 16. Whenever the motor's rotational speed is below a minimum setup value 
(speed threshold) a stall condition is considered to be active. The corresponding 
motor speed signal is recognized by the Motor Speed Control and Protection circuit 
16 and the power supply is disconnected from the motor (K1 OFF and K2 OFF). 

[0024] Table 1 shows the operation mode and function of the Speed Control command 
signal and the stall Condition status (active-ON or inactive-OFF). 



[0025] 



TABLE 1 











OFF 


Any 


OFF 


OFF 


Low Speed 


OFF 


ON 


OFF 


High Speed 


OFF 


OFF 


ON 


Any 


ON 


OFF 


OFF 
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[0026] Two start-up sequences are possible corresponding to Low Speed or High Speed 
value of the Speed Control signal: 

a. Low Speed command: K1 ON, K2 OFF as long as Speed Control signal 
is Low Speed. 

b. High Speed command: K1 ON, K2 OFF for a short speed build-up time. 

K1 OFF, K2 ON as long as Speed Control signal 

is High Speed. 

[0027] It is noted that he Motor Speed Control and Protection circuit 16 represents a 
generic electronic circuit and can be of any configuration. Furthermore, the Motor 
Speed Sensing circuit can include a generic transducer. 

[0028] The advantages of this system 10 are: 

[0029] A) Implementation of a combined stall protection feature and speed control unit 
uses already existing/used electromagnetic relays K1 and K2. This provides a better 
system solution with less cost. 

[0030] B) The possibility to start the motor with lower inrush current by always starting-up 
the motor at low speed via the Rs serial resistor. If the car computer requested a 
motor start-up at high speed, the MSCP 16 would initially command the motor M to 
run at low speed (motor connected to the power supply (via Rs) and then switch to 
high speed (motor connected directly to the power supply). 

[0031] The concept of the invention is also applicable to single-speed motor applications. 

Fig. 3 shows a conventional configuration widely used for single-speed applications. 
Fig. 4 shows a combined single speed and stall protected system 100 in accordance 
with the principles of the invention. Similar to Fig. 2, the electromagnetic relay K3 is 
included in the Single Speed and Stall Protected Module electrical system 114. The 
relay K3 is controlled by the Motor Control And Protection (MCP) circuit 116. MCP 
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116 has also two inputs, an on/off control signal 118 and a motor speed signal 19 
provided by the Motor Speed Sensing circuit 20. The circuit 116 functions similarly 
to that described above with regard to the embodiment of Fig. 2, except that it 
operates at only one speed. 

[0032] Features of the illustrated embodiments are: 

1. The implementation of the speed control circuitry having the electromagnetic 
relays within the application module electrical system allowing the control of 
these relays by the Motor Speed Control and Protection and Motor Control and 
Protection circuits shown in Figs. 2 and 4, respectively. 

2. Stall protection in combination of any (or all) the following speed control 
methods: Series Resistor(s), Third brush method and Dual Commutator two- 
speed system solution. 

3. The implementation of the stall protection feature using the electromagnetic 
relay(s) employed by the speed control circuitry. 

4. The start-up sequence used for High Speed command (low speed for a short 
time followed by high speed) allowing lower inrush motor currents, shown in Figs. 
2 and 4. 

[0033] The foregoing preferred embodiments have been shown and described for the 
purposes of illustrating the structural and functional principles of the present 
invention, as well as illustrating the methods of employing the preferred 
embodiments and are subject to change without departing from such principles. 
Therefore, this invention includes all modifications encompassed within the spirit of 
the following claims. 
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Abbreviations: 


M 


electric motor 




Goriol rpQiQtnr for low mntor Qnpp»H 

Owl la 1 1 COIOLwl ll^l Iv/W M lULV^I 0|Jv70VJ 


K1 


electromagnetic relay for low speed operation 


K2 


electromagnetic relay for high speed operation 


K3 


electromagnetic relay for motor start / stop 


PWM 


Pulse Width Modulation 


MCP 


Motor Control and Protection 


MSCP 


Motor Speed Control and Protection 


PM 


Permanent Magnet 


DC 


Direct Current 
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